INTRODUCTION
============

Distal cerebral protection devices have been widely used during carotid angioplasty and stenting (CAS), to reduce thromboembolic complications. However, there are concerns of possible thromboembolic events during the placement of protection device in patients with tortuous carotid artery, near-occlusion of carotid artery, or thrombus in stenotic area \[[@b36-jkns-2017-0202-001]\]. In some patients, stroke after CAS occurs despite the use of protection device. Although previous studies, including systematic reviews \[[@b12-jkns-2017-0202-001],[@b40-jkns-2017-0202-001]\], showed the efficacy of protected device in reducing perioperative complications after CAS, some studies have doubted the real effectiveness of protection device \[[@b2-jkns-2017-0202-001],[@b30-jkns-2017-0202-001],[@b36-jkns-2017-0202-001]\]. Two studies recently reported and exhibited disagreement regarding the efficacy of protection device \[[@b15-jkns-2017-0202-001],[@b19-jkns-2017-0202-001]\].

Meta-analysis of treatment outcome between CAS and carotid endarterectomy (CEA) has been updated to assess the treatment efficacies \[[@b45-jkns-2017-0202-001]\]. However, a systematic review and meta-analysis of treatment outcome between protected and unprotected CAS has not been reported since 2009, although a number of studies have been continuously published. Here, we conducted a meta-analysis to evaluate perioperative stroke after CAS, based on whether or not a cerebral protection device was used.

MATERIALS AND METHODS
=====================

Search strategy
---------------

Core search between January 1990 and October 2016 through PubMed, Embase, and the Cochrane Central was done, using the key words "carotid stenosis", "stents", "balloon", "carotid angioplasty", "percutaneous transluminal angioplasty", "stroke", "myocardial infarction", "death", "perioperative complications", and "mortality" \[[@b12-jkns-2017-0202-001],[@b40-jkns-2017-0202-001]\].

Our criteria for inclusion in this study were : 1) symptomatic and/ or asymptomatic stenosis in the internal carotid artery or carotid bifurcation, 2) CAS procedures with or without cerebral protection through common femoral artery over 20 \[[@b12-jkns-2017-0202-001]\], and 3) the number of peri-procedural complications such as stroke, death or myocardial infarction within 30 days was reported separately through a comparative study between protected and unprotected CAS \[[@b40-jkns-2017-0202-001]\]. Stroke was defined as any sudden neurologic deficits due to cerebral infarction \[[@b39-jkns-2017-0202-001]\] including bilateral involvement. Asymptomatic signal change on brain MRI was not included for this meta-analysis. In case of overlap, the most recently published article was selected for analysis. Assessing risk of bias in included studies was performed using Cochrane risk of bias for randomized controlled studies ([Supplementary Fig. 1](#s1-jkns-2017-0202-001){ref-type="supplementary-material"}) and Newcastle-Ottawa scale for nonrandomized studies. The exclusion criteria included : 1) incomplete data or unclear distinction between protected and unprotected CAS, 2) review articles or case reports, 3) procedures due to dissection, carotid aneurysm, urgently conducted procedure or the use of covered stents, and 4) other procedural approach, other than common femoral artery \[[@b12-jkns-2017-0202-001],[@b23-jkns-2017-0202-001],[@b34-jkns-2017-0202-001]\].

Data extraction
---------------

An extensive electronic search was performed by an experienced researcher. Then articles were reviewed and selected on specific criteria by two investigator (J.P.J. and Y.S.K.) followed by discussion. Disagreements between the two authors were resolved by discussion and consultation with a third author. The primary endpoint was perioperative any symptomatic stroke within 30 days after the procedure \[[@b40-jkns-2017-0202-001]\]. Subgroup analyses were performed only for symptomatic carotid stenosis. This meta-analysis was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Statistical analysis
--------------------

Dichotomous variables are presented as odds ratio (OR) with a 95% confidence interval (CI). Heterogeneity was evaluated by using the I^2^ test. If I^2^ was less than 50%, a fixed effect model was used \[[@b21-jkns-2017-0202-001]\]. Publication bias was determined using Begg's funnel plot and Egger's test of the intercept \[[@b3-jkns-2017-0202-001],[@b11-jkns-2017-0202-001],[@b22-jkns-2017-0202-001]\]. Comprehensive meta-analysis (CMA) software (CMA v2.2.064, Biostat, Englewood, NJ, USA) was used for all the above, with statistical significance indicated at *p*\<0.05.

RESULTS
=======

Identification of relevant studies
----------------------------------

[Fig. 1](#f1-jkns-2017-0202-001){ref-type="fig"} displays a flow diagram of the detailed search process. After screening the records and deciding eligibility, 25 articles were included ([Table 1](#t1-jkns-2017-0202-001){ref-type="table"}). At the subgroup analysis, four studies included the data of symptomatic carotid stenosis.

Comparison of the perioperative stroke between protected and unprotected CAS
----------------------------------------------------------------------------

A total of 20670 CAS procedures from 25 studies were included in this analysis ([Fig. 2A](#f2-jkns-2017-0202-001){ref-type="fig"}). Among them, 16440 procedures were done with cerebral protection device and 4230 were done without protection device. The number of stroke was 326 (2.0%) in protected CAS and 142 (3.4%) in unprotected CAS. The use of cerebral protection device significantly decreased stroke after CAS (OR 0.633, 95% CI 0.479-- 0.837, *p*=0.001). In the publication bias analysis for comparison between protected and unprotected CAS, Egger's regression test disclosed that the intercept was -0.317 (95% CI -1.015 --0.382, *p*=0.358). Accordingly, there was no evidence of publication bias in this comparison ([Fig. 2B](#f2-jkns-2017-0202-001){ref-type="fig"}).

Comparison of the perioperative stroke in symptomatic carotid stenosis
----------------------------------------------------------------------

A total of 539 CAS procedures from four studies were included in this analysis ([Fig. 3A](#f3-jkns-2017-0202-001){ref-type="fig"}). Of theses, 345 procedures were done with cerebral protection device and 194 were done without protection device. The number of stroke was six (1.7%) in protected CAS and 11 (5.7%) in unprotected CAS. The use of cerebral protection device did not decrease the events of stroke after CAS (OR 0.455, 95% CI 0.151--1.366, *p*=0.160). In the publication bias analysis for comparison between protected and unprotected CAS, Egger's regression test disclosed that the intercept was 1.6592 (95% CI -13.600--16.918, *p*=0.686). Accordingly, there was no evidence of publication bias in this comparison ([Fig. 3B](#f3-jkns-2017-0202-001){ref-type="fig"}).

DISCUSSION
==========

Although many reports are available, the efficacy of protection device in preventing thromboembolic complications during CAS remains inconclusive. Our study showed that using cerebral protection device significantly lowered the stroke. However, its efficacy was not demonstrated in symptomatic lesions.

During the delivery of protection device, thromboembolic complications can occur while passing over the severe stenotic lesions or vulnerable plaque. In addition, protection device sometimes cannot be deployed at the destination site due to the stiffness in the tortuous or kinked carotid artery \[[@b36-jkns-2017-0202-001]\]. Subsequently, the efficacy of protection device should be assessed by an updated knowledge, although protection devices are widely accepted for the procedure.

Garg et al. \[[@b12-jkns-2017-0202-001]\] compared total stroke events within 30 days after the procedures between protected and unprotected CAS. They concluded that protected CAS showed a relative risk reduction of 0.59 (95% CI 0.47-- 0.73) than unprotected CAS, in 24 studies. Through a systemic review, Touzé et al. \[[@b40-jkns-2017-0202-001]\] reported a 4.7% (95% CI 4.1-- 5.2) reduction within the 30-day risk of stroke or death rate after CAS. In their study \[[@b40-jkns-2017-0202-001]\], the protection device lowered the periprocedural complications with risk reduction of 0.57 (95% CI 0.43--0.76). Our study also showed that cerebral protection device significantly decreased the events of stroke. However, substantial heterogeneity across the studies can be a concern to interpret the results of previous meta-analysis \[[@b40-jkns-2017-0202-001]\]. In addition, only two randomized controlled trial (RCT) studies \[[@b31-jkns-2017-0202-001],[@b35-jkns-2017-0202-001]\] were enrolled in their investigations. Analyzing three RCT studies, the Cochrane review \[[@b5-jkns-2017-0202-001]\] reported that the number of either stroke or death within 30 days after CAS did not differ significantly, based on the use of protection device (OR 0.95, 95% CI 0.38--2.41) \[[@b20-jkns-2017-0202-001],[@b31-jkns-2017-0202-001],[@b35-jkns-2017-0202-001]\]. In this meta-analysis, only two studies \[[@b2-jkns-2017-0202-001],[@b30-jkns-2017-0202-001]\] provided clear information on stroke and death, respectively, not sum of stroke and death. That was because most previous RCTs have compared treatment outcomes between CAS and CEA, not focusing on the use of protection device. Accordingly, further analysis of individual patient data are necessary.

Symptomatic stenosis affects the periprocedural risk after the procedure. A systemic review \[[@b40-jkns-2017-0202-001]\] showed that symptomatic lesion increased the 30-day risk of stroke or death, more than asymptomatic lesions (7.6%, 95% CI 6.3--9.1 vs. 3.3%, 95% CI 2.6--4.1). Garg et al. \[[@b12-jkns-2017-0202-001]\] also reported that symptomatic patients had a higher stroke rate than asymptomatic patients, comparing patients who underwent protected (3.8% vs. 1.7%) and unprotected CAS (5.6% and 2.8%). For symptomatic patients, the protection device exhibited relative stroke risk reduction of 0.67 (95% CI 0.5--2 0.86). Kosowski et al. \[[@b28-jkns-2017-0202-001]\] compared the long-term adverse events between symptomatic and asymptomatic patients who underwent CAS. The risk of stroke or death did not differ significantly between symptomatic (8.3%) and asymptomatic patients (8.6%). In this study, we did not find a significant difference in the number of stroke between protected (n=6, 1.7%) and unprotected CAS (n=11, 5.7%) in symptomatic patients (OR 0.455, *p*=0.160). We think that difference in the primary endpoint (stroke vs. stroke and death) resulted to the disagreement. Accordingly, further large scale RCT studies are required to investigate the periprocedural risk according to the use of protection device, including symptomatic stenosis.

Technical differences in stent type and protection device are related to the periprocedural complications after CAS. The procedures are performed using various stents with different cell designs. Bosiers et al. \[[@b6-jkns-2017-0202-001]\] reported that the postprocedural event rate was more pronounced in open cells (3.4%) than closed cells (1.3%), in particular in symptomatic patients. However, a recent meta-analysis by Kouvelos et al. \[[@b29-jkns-2017-0202-001]\] did not show the risk reduction of death (OR 0.69, *p*=0.21) and stroke (OR 1.17, *p*=0.37) according to cell design, within 30 days after the procedure. Cerebral protection can be conducted by balloon occlusion of the internal carotid artery above the stenotic lesion, filter instrument and flow-reversal system \[[@b18-jkns-2017-0202-001]\]. Embolic events are more found in filters than proximal occlusion or flow reversal system while crossing the lesion \[[@b18-jkns-2017-0202-001]\]. Thus theoretically, proximal embolic protection device can be advantageous in preventing stroke during CAS \[[@b14-jkns-2017-0202-001]\]. Giri et al. \[[@b14-jkns-2017-0202-001]\] compared the clinical outcome between distal and proximal protection devices during CAS. In their study, the 30-day adverse events did not reach significance according to the device types (*p*=0.07). Zhan et al. \[[@b43-jkns-2017-0202-001]\] also reported that in-hospital stroke or death did not differ significantly between filter (10 out of 551, 1.8%) and distal occlusive (4 out of 176, 2.3%) embolic protection device (OR 1.04, 95% CI 0.24-- 4.44, *p*=0.958). Nevertheless, future prospective trials comparing stent design and protection device properties are needed.

There are some limitations in this study. First, most studies of this investigation did not analyze the efficacy of the protection device according to the symptomaticity. Second, two out of the 25 studies (8%) are RCTs, although a number of studies have drawn their conclusion from a prospective registry. Third, heterogeneity in terms of primary endpoints (stroke \[[@b12-jkns-2017-0202-001]\] vs. stroke or death vs. stroke and death) can be a limitation to reach the conclusion in the previous studies. In addition, some studies did not provide clear information on stroke, death, and their summation, respectively. Accordingly, total events can be overestimated because major stroke can be fatal, although total events were estimated as the sum of any stroke or death in previous study \[[@b25-jkns-2017-0202-001]\]. Accordingly, randomized controlled studies including more detailed data on perioperative complications according to the symptomaticity and risk stratification, and adverse events in long-term observation are required.

CONCLUSION
==========

Our meta-analysis showed the use of cerebral protection device significantly decreased any symptomatic stroke after the CAS. However, its efficacy was not demonstrated in symptomatic patients. Therefore, routine use of protection device during CAS should be critically assessed before mandatory use.
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###### 

Clinical data of the studies included in this meta-analysis

  No   Study or subgroup (years)                               Study design/multicenter   Procedures   Events   Procedures   Events   NOS   Protection device                               Stent
  ---- ------------------------------------------------------- -------------------------- ------------ -------- ------------ -------- ----- ----------------------------------------------- ---------------------------------------
  1    Theron et al. (1996) \[[@b38-jkns-2017-0202-001]\]      PC/yes                     93           2        123          3        6     Occlusive latex balloon                         Strecker
  2    Parodi et al. (2000) \[[@b32-jkns-2017-0202-001]\]      PCS/no                     25           0        21           1        6     Angioguard                                      Wall stent
  3    Al-Mubarak et al. (2001) \[[@b1-jkns-2017-0202-001]\]   PC/no                      37           1        39           1        7     Distal-balloon protection                       Wall stent
  4    Castriota et al. (2002) \[[@b7-jkns-2017-0202-001]\]    PC/no                      150          1        125          3        7     Angioguard/GuardWire occlusion                  Multiple
                                                                                                                                            TRAP vascular filtration/EPI filter wire        
                                                                                                                                            Neuroshield/Parodi anti-embolism                
                                                                                                                                            Medicorp occlusive balloon                      
  5    Pucillo et al. (2003) \[[@b33-jkns-2017-0202-001]\]     PCS/yes                    22           1        55           2        7     Distal balloon                                  ---
                                                                                                                                            Distal filter protection                        
  6    Dabrowski et al. (2003) \[[@b10-jkns-2017-0202-001]\]   PCS/no                     20           1        55           3        6     PercuSurge                                      Multiple
                                                                                                                                            Angioguard                                      
  7    Cohen et al. (2003) \[[@b8-jkns-2017-0202-001]\]        RCS/yes                    108          3        179          9        6     Balloon protection systems                      
                                                                                                                                            PercuSurge/GuideWire                            
                                                                                                                                            Filterwire EXTM                                 
  8    Zahn et al. (2004) \[[@b44-jkns-2017-0202-001]\]        PC/yes                     668          12       815          32       7     Filter system/distal occlusion                  ---
  9    Theiss et al. (2004) \[[@b37-jkns-2017-0202-001]\]      PC/yes                     1609         25       923          19       7     Distal/proximal balloon occlusion               Multiple
                                                                                                                                            Filter based system                             
  10   Kihara et al. (2004) \[[@b26-jkns-2017-0202-001]\]      RCS/yes                    36           0        43           1        6     Angioguard/EPI filer                            ---
  11   Gauvrit et al. (2004) \[[@b13-jkns-2017-0202-001]\]     PCS/no                     7            0        15           1        7     Filter type/Balloon type                        Wall stent
  12   Vos et al. (2005) \[[@b41-jkns-2017-0202-001]\]         PC/no                      151          7        358          12       7     Filterwire EX/Filterwire EZ                     Multiple
                                                                                                                                            Angioguard/Angioguard XP                        
                                                                                                                                            RX/Accunet/TRAP/Spiderwire                      
                                                                                                                                            Emboshield/Neuroshield                          
  13   Cosottini et al. (2005) \[[@b9-jkns-2017-0202-001]\]    PC/no                      30           0        22           1        7     Filterwire EZ                                   Carotid wall stent precise RX
  14   Boltuch et al. (2005) \[[@b4-jkns-2017-0202-001]\]      PC/no                      180          2        471          18       7     Filterwire/Accunet/Mo.Ma device                 Carotid wall stent Acculink
                                                                                                                                            Spider/Interceptor                              
  15   Kastrup et al. (2006) \[[@b24-jkns-2017-0202-001]\]     PCS/yes                    139          5        67           5        7     Neuroshield/Angioguard                          ---
                                                                                                                                            Emboshield/Filerwire                            
  16   Henry et al. (2006) \[[@b18-jkns-2017-0202-001]\]       PC/no                      630          3        187          5        7     Occlusion balloon/PercuSurge                    Multiple
                                                                                                                                            Theron\'s technique/Filter type/PI              
                                                                                                                                            Angioguard/Emboshield/Accunet                   
                                                                                                                                            Fibernet/Arteria                                
  17   Halabi et al. (2006) \[[@b17-jkns-2017-0202-001]\]      PCS/no                     49           0        67           3        7     Angioguard/EPI filter wire EX                   Multiple
                                                                                                                                            Spider/Medtronic AVE carotid filter system      
  18   Gupta et al. (2006) \[[@b16-jkns-2017-0202-001]\]       RCS/no                     6            0        43           2        6     ---                                             Wall stent
  19   Barbato et al. (2008) \[[@b2-jkns-2017-0202-001]\]      RCT/no                     18           2        18           2        \-    RX Accunet                                      RX Acculink
  20   Macdonald et al. (2010) \[[@b30-jkns-2017-0202-001]\]   RCT/no                     15           1        15           1        \-    Emboshield                                      Carotid wall stent
  21   Tallarita et al. (2011) \[[@b36-jkns-2017-0202-001]\]   PC/no                      252          2        105          2        7     Distal balloon occlusion                        ---
                                                                                                                                            Distal filter type                              
  22   Wu et al. (2011) \[[@b42-jkns-2017-0202-001]\]          RCS/no                     44           3        35           1        7     Filterwire                                      Carotid eallstent Zilver
  23   Kimiagar et al. (2012) \[[@b27-jkns-2017-0202-001]\]    RCS/no                     60           1        56           6        7     Angioguard RX                                   Smart stent/sinus-carotid-conicall RX
  24   Giri et al. (2014) \[[@b15-jkns-2017-0202-001]\]        PC/yes                     11883        244      364          6        7     Distal balloon occlusion/distal filter type     ---
  25   Hung et al. (2016) \[[@b19-jkns-2017-0202-001]\]        RCS/no                     208          10       29           3        7     Filter wire/PercuSurge/NeuroShield/Emboshield   Self-expanding

NOS : Newcastle-Ottawa scale, PC : prospective cohort, PCS : prospective case series, RCS : retrospective case series, RCT : randomized controlled trial
